Derivatives of quinine with fatty acids including polyunsaturated fatty acids were prepared. They showed moderate antimalarial activity as compared with quinine itself using Plasmodium falciparum. The activities were not dependent on whether the fatty acyl group was saturated or unsaturated. On the other hand, the derivatives showed significantly higher cytotoxicity against a mammary tumor cell line FM3A than quinine itself. Calculating from these data, an acetyl derivative of quinine with the shortest acyl group was found to give the highest selectivity.
Quinine (1) has been used as a natural antimalarial medicine. Its side effects and the development of resistance against malaria parasites stopped its use once, and the medicine has been staged again in recent years because of the resistance problem of most of the antimalarial medicines sythesized so far Development of new drugs is an urgent subject nowadays. As major components of polyunsaturated fatty acids (PUFA) in marine fish oil, docosahexaenoic acid (DHA) and icosapentaenoic acid (EPA) have a non-conjugated all cis-polyunsaturated olefinic structure and are known to exhibit a variety of biochemical, physiological functions, including enhancement of cell membrane permeability, 1) growth regulation or apoptosis-inducing capability to cancer cells, 2, 3) cytotoxicity enhancement for some anti-cancer drugs against cancer cells, 4, 5) and potential antimalarial activity. [6] [7] [8] [9] If we assume that these physiological functions are mainly responsible for their characteristic olefinic structure, the same functions are also expected to play their roles even when these acids are linked to their other bioactive compounds. Here, in the present study, a series of saturated fatty acid-or PUFA-derivatives (2)-(8) of quinine ( Fig. 1) was synthesized, and their in vitro antimalarial activity was evaluated using Plasmodium falciparum. Their cytotoxicity against mouse mammary tumor FM3A cells was also examined to determine their selectivity toward the parasite.
The hydroxy group in quinine was esterified in ethanol-free chloroform with fatty acid activated by diisopropylcarbodimide in the presence of N,N-dimethylaminopyridine and traces of butylated hydroxytoluene as an antioxidant in a nitrogen atmosphere (Scheme 1). The product esters, (2)-(8), were purified by silica gel column eluted with hexane/ethyl acetate (4:1), and their structural integrity was confirmed by 1 H-NMR and ESI-MS, indicating that no oxidative damage occurred for the non-conjugated all-cis olefinic structure.
The antimalarial activity and cytotoxicities of fatty acid derivatives (2)-(8) were tested in vitro against P. falciparum and a mammary tumor cell line FM3A cells, respectively ( Table 1 ). The antimalarial activity of lipid derivatives (2)- (7) 
with a long chain fatty acyl group were found to be similar to each other and lower than quinine (1) irrespective of whether the acyl group was saturated or unsaturated. The activity of acetyl derivative (8) Here again, the activity appeared to be independent of whether the acyl chain was saturated or unsaturated. When we compared the selectivity calculated by [(FM3A EC 50 )]/(P. falciparum EC 50 )], as shown in Table 1 , the derivatives (2)- (7) having a long-chain acyl group showed much lower selectivity (1-8) than quinine (1000), whereas, in the case of acetyl derivative (8), the value (36) was significantly higher than (2)- (7).
Combining these results, it was suggested that the y To whom correspondence should be addressed. Yusuke WATAYA, Tel: +81-86-251-7976; Fax: +81-86-251-7926; E-mail: wataya@cc. okayama-u.ac.jp; Naomichi BABA, Tel: +81-86-251-8292; Fax: +81-86-251-8388; E-mail: babanaom@cc.okayama-u.ac.jp introduction of a hydrophobic long-chain fatty acyl group into the quinine structure appears to lower the toxic effect against the P. falciparum parasite grown in red cells in spite of their possibly more efficient interaction with red cell membranes due to the lipophilic acyl chain. Although the lipid derivatives of quinine did not show promising activity to the quinine-sensitive parasite used in the present study, they might exhibit rather different antimalarial activity. Also, since the present modification of the hydroxy group in the quinine molecule by the acyl group did not depress the activity completely, modification with different functional groups and different types of chemical bond other than the ester linkage might be possible, so that higher activity and selectivity are expected. Overcoming the problem of the resistance developing in malaria parasites is an urgent subject worldwide, and molecular conjugation of active components is considered to be one of the strategies in the struggle.
10)
Experimental Preparation of quinoline esters (2)- (8) . ESI-MS was taken on a Perkin Elmer Model API III by positive ion mode and direct infusion. 3 .97 (3H, s, CH 3 O-), 5.30-5.42 (10H, m, olefinic protons of the docosahexaenoyl group). Since the signals for the protons on the quinoline nucleus were almost the same as those of (1) Since signals for the protons on the quinoline nucleus were almost the same as those of (1) (3H, s, CH 3 O-) . Since the signals for the protons on the quinoline nucleus were almost the same as those of (1), their description is not repeated.
Biological activity measurements of quinoline esters (2)- (8) . In vitro antimalarial activity of (1)- (8) against P. falciparum was conducted according to the reported method.
11) Briefly, 10 microliters of each solution of (1)- (8) in dimethyl sulfoxide was added to individual well of a 24-well plate. Erythrocytes with 0.3% parasitemia containing 980 ml of culture medium were added to each well to give a final hematocrit level of 3%. The plates were incubated at 37 C for 72 h in a CO 2 -O 2 -N 2 incubator (5% CO 2 , 5% O 2 , and 90% N 2 atmosphere). To evaluate the antimalarial activity of the test compounds, thin blood films from each culture were prepared and stained with Giemsa (Merck, Germany). A total of 1 Â 10 4 erythrocytes/1 thin blood films were examined under microscopy. All of the test compounds were assayed in duplicate. The EC 50 value refers to the concentration of the compound (1)-(8) necessary to inhibit the increase in parasite density at 72 h by 50% of the control.
In vitro toxicity against mammalian cell line was tested using FM3A according to the reported method. 11) Briefly, prior to exposure to the derivatives, cell density was adjusted to 5 Â 10 4 cells/ml. A cell suspension of 995 ml was dispersed to the test plate, and derivatives (1)- (8) were suspended in dimethyl sulfoxide (10 ml), which was added to individual wells of 24-well plate. The plates were incubated at 37 C in 5% CO 2 for 48 h. All the test compounds were assayed in duplicate. Cell numbers were measured using a microcell counter CC-130 (Toa Medical Electric Co., Japan). All data points represent the mean of three experiments. The EC 50 value refers to the concentration of the compound necessary to inhibit the increase in cell density at 48 h by 50% of the control. Selectivity refers to the mean of the EC 50 value for FM3A cells per the mean of the EC 50 value for P. falciparum.
